New CCD photometric observations of BX Dra were obtained for 26 nights from 2009 April to 2010 June. The long-term photometric behaviors of the system are presented from detailed studies of the period and light variations, based on the historical data and our new observations. All available light curves display total eclipses at secondary minima and inverse O'Connell effects with Max I fainter than Max II, which are satisfactorily modeled by adding the slightly time-varying hot spot on the primary star. A total of 87 times of minimum light spanning over about 74 yrs, including our 22 timing measurements, were used for ephemeris computations. Detailed analysis of the O-C diagram showed that the orbital period has changed in combinations with an upward parabola and a sinusoidal variation. The continuous period increase with a rate of +5.65×10 −7 d yr −1 is consistent with that calculated from the Wilson-Devinney synthesis code. It can be interpreted as a mass transfer from the secondary to the primary star at a rate of 2.74×10 −7 M ⊙ yr −1 , which is one of the largest rates for contact systems. The most likely explanation of the sinusoidal variation with a period of 30.2 yrs and a semi-amplitude of 0.0062 d is a light-traveltime effect due to the existence of a circumbinary object. We suggest that BX Dra is probably a triple system, consisting of a primary star with a spectral type of F0, its secondary component of spectral type F1-2, and an unseen circumbinary object with a minimum mass of M 3 = 0.23 M ⊙ .
Introduction
BX Dra (GSC 4192-0448, 2MASS J16061736+6245460, HIP 78891) was discovered to be a short-period variable by Strohmeier (1958) and classified as an RR Lyr-type star with a period of 0.561192 days by Strohmeier et al. (1965) . Some doubt about this classification and hints about a binary nature were presented by Smith (1990) , who proposed this star to be an ellipsoidal-type variable. Agerer & Dahm (1995) reclassified the variable as a β Lyrtype eclipsing binary from their photographic and CCD photometry without any filter. They also determined new linear ephemeris from the CCD measurements and suggested that all available timings could be represented by a quadratic ephemeris, in which the parabolic term (+5.56×10
−10 d) indicates a continuous period increase. Pych et al. (2004) obtained doubleline radial-velocity curves of BX Dra with semi-amplitudes of K 1 = 80.0 km s −1 and K 2 = 276.4 km s −1 and found that this system is an A-subtype contact binary with a spectral type of F0IV-V.
Recently, Sánchez-Bajo et al. (2007, hearafter SGG) , Kim et al. (2009, hearafter KIM) , and Zola et al. (2010, hearafter ZOLA) made CCD light curves in the BV I, BV , and BV RI bandpasses, respectively. Assuming both components to have a convective envelope and considering a cool spot on the primary component, SGG analyzed their light curves and found a third light contributing 2.4% light in the B bandpass, 2.1% in V , and 0.9% in I. In addition, they computed the absolute dimensions of BX Dra from their photometric parameters and the spectroscopic orbit of Pych et al. (2004) and suggested the third light may come from a field object which is not bound to the eclipsing pair. On the other hand, ZOLA presented results of the modelling of their multicolor light curves without considering either a third light source or a spot.
Although eclipsing minimum epochs have been reported assiduously by numerous workers, the period variation of BX Dra has not yet been studied in detail. In this article, we present and discuss the long-term photometric behaviors of the binary system together with the first detailed analysis of the O-C diagram, based on our new CCD observations as well as the historical data.
CCD Photometric Observations
New CCD photometric observations of BX Dra were obtained during two observing seasons in 2009 April and between 2010 April and June, using BV R filters attached to the 61-cm reflector at Sobaeksan Optical Astronomy Observatory (SOAO) in Korea. The observations of the 2009 season (SOAO09) were made on eight nights using a SITe 2K CCD camera, which has 2048×2048 pixels and an image field-of-view (FOV) of about 20 ′ .5×20 ′ .5 at the f/13.5 Cassegrain focus of the telescope. The observations of the 2010 season (SOAO10) were made on 18 nights using an FLI IMG4301E 2K CCD camera. The new CCD chip has 2084×2084 pixels and an FOV of about 20 ′ .9×20 ′ .9. The instruments and reduction methods were the same as those described by Lee et al. (2007 Lee et al. ( , 2011 . GSC 4192-0521 (V = 11.0) and GSC 4192-0617 (V = 11.3) in the same observing field and with a color index similar to BX Dra were selected as comparison and check stars, respectively. We detected no variations in the brightness difference between these two stars during our observing runs. An observed image in SOAO09 is given as Figure 1 , in which the comparison and check stars are marked C and K, respectively. The 1σ values of the dispersion of the (K−C) differences are about ±0.009 mag in all bandpasses.
From the SOAO observations, we obtained 1620, 1622, and 1617 individual points in the B, V , and R bandpasses, respectively, and the sample is listed in Table 1 . The light curves of BX Dra are plotted in Figure 2 as differential magnitude versus orbital phases, which were computed according to the ephemeris for our hot-spot model described in section 3. The open circles and plus symbols are the individual measures of the 2009 and 2010 seasons, respectively.
Light-Curve Analysis And Spot Model
As do historical light curves, our light curves of BX Dra show a flat bottom at the secondary minimum, which means that this system belongs to the A-subtype of W UMa-type stars. In addition, the new data show the inverse O'Connell effect with Max I (at phase 0.25) fainter than Max II (at phase 0.75) by about 0.014 and 0.008 mag for the B and V , respectively, while the light levels in R are equal at the quadratures. These features usually indicate wavelength-dependent spot activity on the component stars. In order to obtain a unique set of photometric solutions, we analyzed all available light curves (SGG, ZOLA, KIM, SOAO) using contact mode 3 of the 2003 version of the Wilson-Devinney synthesis code (Wilson & Devinney 1971, hereafter W-D) . For this purpose, we normalized the level at phase 0.75 and used a weighting scheme identical to that for the eclipsing binary GW Gem (Lee et al. 2009a) . Table 2 lists the light-curve sets for BX Dra analyzed in this article and the standard deviations (σ) of a single observation.
The binary parameters of BX Dra were initialized in a manner similar to that for the contact systems BX Peg (Lee et al. 2004 ) and AA UMa (Lee et al. 2011 ). The effective temperature of the more massive primary star was fixed at T 1 = 6,980 K, according to the spectral type F0 classified by Pych et al. (2004) . Linear bolometric (X, Y ) and monochromatic (x, y) limb-darkening coefficients were interpolated from the values of van Hamme (1993) in concert with the model atmosphere option. The initial value for the mass ratio (q = m 2 /m 1 ) was taken from Pych et al. (2004) . Throughout the analyses, synchronous rotation was assumed and a third light source (ℓ 3 ) was considered. In addition, as the atmosphere of both components should lie close to the boundary between the radiative (hereafter RE) and convective (hereafter CE) envelopes, the gravity-darkening exponents (g) and the bolometric albedos (A) were investigated at standard values of (A, g) = (1.0, 1.0) and (0.5, 0.32) for the two cases, respectively. Because the CE model gives a better fit than does the RE model, the common envelope was treated as a convective atmosphere in all subsequent syntheses. In Tables 3 and 4 , parentheses represent adjusted parameters and the subscripts 1 and 2 refer to the primary and secondary stars being eclipsed at Min I and Min II, respectively.
First of all, we analyzed simultaneously all the light curves of BX Dra, permitting no spots. The unspotted solution is listed in the second column of Table 3 and the V residuals from the analysis are plotted in the left panels of Figure 3 . Similar patterns exist for the other bandpasses. As shown in these panels, the model light curves do not fit the observed ones at all well. In contact binaries, the discrepancies may be caused by local photospheric inhomogeneities such as a cool spot on a magnetically active component and/or a hot spot due to impact from a mass transfer between the components (see, e.g., Lee et al. 2009b Lee et al. , 2010 . Thus, spot models were added to fit the light variations. Because the seasonal variations of the light residuals are not large, we reanalyzed the datasets considering each of a hot and cool spot on each component. The results are given in columns (3)-(6) of Table 3 together with the spot parameters. The residuals from the hot-spot model (Hot 1) on the primary component are plotted in the right panels of Figure 3 . From these results, we can see that the Hot 1 model gives slightly smaller values for the sum of the residuals squared (ΣW (O − C)
2 ) than do the other models and that a large hot spot on the primary star has been sufficient for the light-curve representations of BX Dra. Nonetheless, it is difficult to distinguish between the spot models from only the light-curve analysis because the differences among them are small. Finally, to understand the long-term spot behaviors in detail, we solved five historical data sets separately using the hot-spot model on the primary star. For this procedure, we adjusted only the orbital ephemeris, spot, and luminosity parameters among the Hot 1 model parameters. The final results are given in Table 4 and the normalized V observations with the model light curves are plotted in Figure 4 . The light ratios have not changed as a result of the spot modeling and the seasonal light curves could be represented by a slightly variable hot spot. Because the colatitudes and longitudes of the spot have been almost constant with time and the components of BX Dra should have shallow convective shells and at most weak magnetic activity as surmised from their temperatures, it is possible to regard the main cause of the activity as a sporadically-variable mass transfer from the secondary to the primary component. However, the streaming gas might usually lead to a hot spot around the primary equator, rather than the modeled colatitude very different from 90
• . In reality, the intrinsic light variations of BX Dra could be caused by the simultaneous existence of a hot spot due to mass transfer and a magnetic spot on a component, but separate trials for such spot configurations did not give a better fit than the single hot-spot model. In all procedures, we looked for a possible third light source (ℓ 3 ) as suggested by SGG but found that the parameter remains indistinguishable from zero within its error.
In order to measure the physical properties of the binary system, we analyzed the radialvelocity curves of Pych et al. (2004) with our light-curve parameters for the Hot 1 model. From the photometric and spectroscopic results, the absolute dimensions of BX Dra were determined and listed in Table 5 , where the radii (R) are the mean-volume radii evaluated using tabulations of Mochnacki (1984) . The luminosity (L) and bolometric magnitudes (M bol ) were computed by adopting T eff ⊙ = 5,780 K and M bol⊙ = +4.73 for solar values. To estimate the uncertainty in the luminosity, it was assumed that the temperature of each component have an error of 200 K in accordance with the unreliability in the spectral classification. For the absolute visual magnitudes (M V ), we used the bolometric corrections (BCs) from the scaling between log T and BC given by Torres (2010) . The absolute parameters presented in this paper are consistent with those of SGG within the uncertainties.
Orbital Period Study
From the SOAO observations, 12 weighted times of minimum light and their errors were determined using the method of Kwee & van Woerden (1956) . In addition to these, eight and two eclipse timings were newly determined from the individual measurements of KIM and ZOLA, respectively. Including our measurements, a total of 87 timings (36 photographic, 9 photoelectric, and 42 CCD) have been collected from the database of Kreiner et al. (2001) and from more recent literature. All available photoelectric and CCD timings are listed in Table 6 . Because many timings of the system have been published with no errors, the following standard deviations were assigned to timing residuals based on the observational method: ±0.0316 d for photographic plate, ±0.0019 d for photoelectric and ±0.0012 d for CCD minima. Relative weights for the period analysis of BX Dra were then scaled from the inverse squares of these values (Lee et al. 2007) .
As mentioned in the Introduction, SGG reported that the period change of BX Dra could be represented by a parabolic variation. After testing several other forms including this possibility, we found that the eclipse timings display a sinusoidal variation superposed on an upward parabola, rather than varying in a monotonic pattern. Using the PERIOD04 program (Lenz & Breger 2005) , we looked to see if the residuals from the quadratic fit represent real and periodic variations. As shown in the small box of the top panel of Figure 5 , a frequency of f = 0.0000636 cycle d −1 was detected corresponding to about 25 yr. The periodic variation suggests a light-travel time (LTT) effect driven by the existence of a third component orbiting the eclipsing binary. Thus, the complete timing data were fitted to the following quadratic plus LTT ephemeris:
where τ 3 is the LTT due to a circumbinary object in the system (Irwin 1952 (Irwin , 1959 and includes five parameters (a 12 sin i 3 , e, ω, n and T ). The Levenberg-Marquardt algorithm (Press et al. 1992 ) was applied to solve for the eight parameters of the ephemeris and the results are summarized in Table 7 , together with related quantities. Our absolute dimensions given in Table 5 have been used for these and subsequent calculations.
The O-C residuals calculated from the linear terms in equation (1) are plotted in the top panel of Figure 5 , where the continuous curve represents the quadratic term of this ephemeris.
The middle panel displays the LTT orbit, and the bottom panel shows the residuals from the complete ephemeris. These appear as O-C full in the fourth column of Table 6 . As displayed in the figure, the quadratic plus LTT ephemeris currently provides a good representation of all modern times of minimum light. The LTT orbit has a period of P 3 = 30.2 yr, a semi-amplitude of K = 0.0062 d, a projected orbital semi-major axis of a 12 sini 3 = 1.08 AU, and an eccentricity of e = 0.35. The mass function of the circumbinary object becomes f 3 (M 3 ) = 0.00138 M ⊙ and its minimum mass is 0.23 M ⊙ . Because only about 62 % of the 30-year period has been covered by the photoelectric and CCD data, future accurate timings are required to identify and understand the LTT effect.
As in the case of the contact binary AR Boo (Lee et al. 2009b ) with a convective envelope, the quasi-sinusoidal period variation with small amplitudes may be produced by asymmetrical eclipse minima due to spot activity (Kalimeris et al. 2002) and/or the method of measuring the timings (Maceroni & van't Veer 1994) . The light-curve synthesis method gives more and better information with respect to the other methods, which do not consider spot activity and are based only on observations during minima (Lee et al. 2009b) . Because five datasets of BX Dra were modeled for Hot 1 spot parameters, we calculated a minimum epoch for each eclipse in these datasets with the W-D code by means of adjusting only the ephemeris epoch (T 0 ). The results are listed in Table 8 together with the previously tabulated timings for comparison and are illustrated with the 'x' symbols in Figure 5 . The differences between the published minima and those obtained by the synthesis method are significantly smaller than the observed amplitude (0.012 d) of the LTT variation. As shown in Figure 5 , the light-curve timings agree with our analysis of the O-C diagram and the periodic variation cannot result from the starspot activity. Further, as shown in the fourth column of Table 8 , there are systematic runs of differences between them, which are negative for Min I and positive for Min II. These differences are caused by the hot spot on the primary star presented to the observer.
The quadratic term (A) of equation (1) signifies a continuous period increase with a rate of +(5.65±0.07)×10
−7 d yr −1 , corresponding to a fractional period change of +(1.55±0.02)×10 −9 . This is very close to the value of +1.29×10 −9 calculated from the W-D code, independently of the eclipse timings. The most common explanation of the period increase is a mass transfer from the less massive secondary star to the primary component. Under the assumption of conservative mass transfer, the transfer rate is calculated to be 2.74×10 
Summary And Discussion
In this article, we have presented the long-term photometric behaviors of BX Dra from the detailed analyses of the light curves and the O-C diagram based on the historical and new observations. The results from these analyses can be summarized as follows:
1. Historical light curves of BX Dra, as well as our own, display total eclipses at secondary minima and inverse O'Connell effects with Max I fainter than Max II. The asymmetric light curves can satisfactorily be explained by the spot model. The slightly variable hot spot on the primary star permits good light-curve representations for the system. 2. The orbital period of BX Dra has varied in a combination with an upward parabola and a sinusoidal variation with a period of 30.2 yrs and a semi-amplitude of 0.0062 d, rather than in a monotonic fashion. The increasing rate of the secular period is calculated to be +5.65×10 −7 d yr −1 , which may be caused by the mass transfer from the secondary to the primary component in the system with a rate of about 2.74×10 −7 M ⊙ yr −1 . 3. The sinusoidal variation can be interpreted as the LTT effect due to the existence of a circumbinary object. If the third companion is on the main sequence and its orbit is coplanar with the eclipsing pair (i 3 = 81
• .8), the mass of the circumbinary object is M 3 = 0.23 M ⊙ and its radius and temperature are calculated to be R 3 = 0.24 R ⊙ and T 3 = 3022 K, respectively, following the empirical relations from Southworth (2009) . These correspond to a spectral type of about M6 V and a bolometric luminosity of L 3 = 0.004 L ⊙ and contribute about 0.03% to the total light of the triple system. So, it would be difficult to detect such a faint companion from analyses of spotted light curves and spectroscopic observations. The absence of the evidence does not rule out the presence of the hypothetic third component. 4. The results presented in this paper indicate that BX Dra is an A-subtype overcontact binary with an unseen circumbinary object; the more massive primary star has a spectral type of F0 and the secondary component a spectral type of F1-2. We think that the hot spot on the primary star could be produced as a result of the impact of the gas stream from the less massive secondary star. The higher mass transfer rate than the other overcontact systems and no variation of spot parameters for about four years support this hot spot model. Moreover, because both components should not have deep convective envelopes as surmised from their temperatures, it is not reasonable to imagine that magnetic spots on the components of the system is the dominant cause of the light variation.
Although all historical timings of BX Dra are in good agreement with the calculated LTT effect as seen in Figure 5 , because of the absence of any independent third body detection, we consider the possibility that a magnetic activity cycle may be the main cause of the sinusoidal period modulation (Applegate 1992 , Lanza et al. 1998 . With the period (P 3 ) and amplitudes (K) listed in Table 7 , the model parameters were calculated for each component from the Applegate formulae. The parameters are listed in Table 9 , where the rms luminosity changes (∆m rms ) converted to magnitude scale were obtained with equation (4) in the paper of Kim et al. (1997) . The variations of the gravitational quadrupole moment (∆Q) are two orders of magnitude smaller than typical values of 10 51 ∼ 10 52 for close binaries (Lanza & Rodono 1999) . In reality, the magnetic mechanism is adequate for systems with a spectral type later than about F5 (Hall 1989) , unlike the case of BX Dra. Moreover, it is difficult for this model to produce perfectly smooth and tilted periodic components in the O-C variation. At present, because there is no other alternative but the LTT effect, the sinusoidal variation most likely arises from an unseen third companion gravitationally bound to the eclipsing binary. The circumbinary object in BX Dra may have played an important role in the formation of the eclipsing pair, which would finally evolve into single star by angular momentum loss through magnetic braking. Future high-precision timing measurements will be crucial unveiling the orbital period change of this system.
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